The analgesic and anti-inflammatory properties of Zhumeria majdae essential oil were investigated in mice and rats. The analgesic activity of the oil was assessed by acetic acid-induced writhing and Eddy's hot plate methods while the acute anti-inflammatory effect was investigated by inflammatory paw edema in rat. Z. majdae oil significantly decreased the number of acetic acid-induced writhes in mice compared with animals that received vehicle only. Also it exhibited a central analgesic effect as evidenced by a significant increase in reaction time in the hot plate method. The oil also significantly reduced carrageenan induced paw edema in rats. The inhibitory activity of Z. majdae essential oil was found to be very close to that of the standard drug, diclofenac sodium (50 mg/kg). The studied oil was analyzed by GC and GC-MS and seventeen constituents were identified, representing 99.2% of the oil. The major components of the oil were characterized as linalool (63.4%) and camphor (27.5%), which might be responsible for these observed activities. The results suggest that Z. majdae essential oil possesses biologically active constituent(s) that have significant activity against acute inflammation and have central and peripheral antinociceptive effects which support the ethnomedicinal claims of the plant application in the management of pain and inflammation.
The Iranian unique plant Zhumeria majdae Rech. F. & Wendelbo belongs to the Lamiaceae family and is described as the first member of a new genus (Zhumeria) [1] . It has a limited geographical range in Hormozgan Province in southeast Iran [2] . Z. majdae is locally called "Mohrkhosh" and the leaves are commonly used in Iranian traditional medicine as a carminative, especially in infants and to treat stomachaches, headaches and painful menstruation [3] .
Due to the widespread use of Z. majdae in Iranian traditional medicine for the relief and treatment of pain and inflammation, the analgesic and anti-inflammatory activities of the plant extract have been previously evaluated. The plant extract has shown antiinflammatory and antinociceptive effects in mice and rats with high doses (>800 mg/kg) [4] . As the aerial parts of the plant contain high amount of essential oil (8-10%, v/w), we were prompted to evaluate the anti-inflammatory and antinociceptive effects of Z. majdae essential oil for the first time and investigate the pharmacological basis for the folkloric use of it as an anti-inflammatory and analgesic. This study explores the anti-inflammatory and analgesic properties of Z. majdae oil by using various standard experimental test models. The oil was also analyzed by GC and GC-MS in order to identify the compounds potentially responsible for the observed properties. This is the first attempt to address such ethnopharmacological properties of Z. majdae essential oil in a comprehensive manner.
Intraperitoneal administration of Z. majdae oil (5, 10, 20 and 40 mg/kg) decreased the number of acetic acid-induced writhes in mice compared with the animals that received vehicle only ( Table 1 ). The writhe inhibitory effects of the oil ranged from 38 to 62%. The best results were observed by 20 and 40 mg/kg doses of the oil. By comparison, 50 mg/kg diclofenac sodium produced a little more (i.e. 68.6% effectiveness) analgesia in this nociception model. The analgesic effect induced by Z. majdae oil was dose-related. Using the hot plate test, it was also shown that intraperitonial administration of the oil (5, 20 and 40 mg/kg) significantly prolonged the reaction time at several time points after 15 min treatment, as compared with the corresponding control groups ( Table 2 ). The latency of nociception at 15 min was more than that of the standard drug diclofenac sodium, but at 30, 45 and 60 min the observed effect was either less or somewhat near to that of diclofenac sodium. Intraperitoneal administration of Z. majdae oil significantly prolonged the latency of inflammation in mice compared with the animals that received vehicle only ( Table 2 ). Each value represents the mean ± .E.M. of 6 mice.
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The acute anti-inflammatory effect of Z. majdae oil in rat paw edema induced by carrageenan was tested using the essential oil administered intraperitoneally ( Table 3 ). The essential oil (10, 20 and 40 mg/kg), as well as diclofenac sodium (50 mg/kg), significantly inhibited the carrageenan-induced rat paw edema formation, which was determined at the second hour of the experiment (peak of edema formation) by 91.6%, 83.4%, 83.2% and 94.7%, respectively.
Z. majdae essential oil was analyzed by GC and GC/MS to determine the possible compounds responsible for the observed analgesic and anti-inflammatory activities. Hydrodistillation of Z. majdae leaves gave a colorless oil with a very pleasant odor and a yield of 9.3%, v/w. As shown in Table 4 , seventeen components were identified in this oil, which presented about 99.2% of the total. The major constituents of the oil were linalool (63.4%) and camphor (27.5%). Different preparations made from Z. majdae leaves are commonly used in ethnobotanical practices for the treatment of pain and inflammation in Iran. In this study, we evaluated the efficacy of the leaf essential oil since the volatile constituents comprise the main components of this plant. Results observed in the current study showed it to be the first report describing the analgesic and antiinflammatory activities of Z. majdae oil. The results demonstrated that the essential oil decreased abdominal constriction, indicating the inhibition of expression of prostaglandin synthesis by the cyclooxygenase pathway [5] . In addition, action on the peripheral and central levels was observed, suggesting a characteristic biphasic licking response [6] . The central action was confirmed in the hot plate test, showing maximal effect after 15 minutes of the response.
Phytochemical results indicated that the analgesic effects of Z. majdae essential oil may be due to its content of linalool. The major constituents of the oil were linalool (63.4%) and camphor (27.5%). Linalool comprised more than half of the oil composition. The analgesic activity of linalool has been previously examined in two different pain models, the acetic acid-induced writhing response and the hot plate test in mice, and since the results have shown marked analgesic activity, it could be concluded that the analgesic activity of the studied oil was related to its high content of linalool. Since the effective dose of linalool to reduce the acid-induced writhing has been evaluated as 25 to 75 mg/kg, and in the hot plate test, only a dose of 100 mg/kg of linalool resulted in a significant effect [7] , the other main component of the oil, camphor, might also be active. Camphor has been reported as a potent antinociceptive compound in some biological assays [8, 9] . Camphor blocks TRP ankyrinrepeat 1 (TRPA1, cold-sensitive) receptor and activates the TRPV1 (heat-sensitive) receptor [9] .
Z. majdae essential oil also showed activity against acute inflammation. Carrageenan-induced edema has been commonly used as an experimental animal model for acute inflammation and is believed to be biphasic. The results for paw edema showed significant reduction at doses of 10, 20 and 40 mg/kg. The inhibitory activity shown by Z. majdae oil during a period of 4 h in the carrageenan-induced paw inflammation test was somewhat similar to that exhibited by the group treated with diclofenac sodium, especially after the second hour. These results indicate that the oil acts in later phases, probably involving arachidonic acid metabolites, which produce an edema dependent on neutrophil mobilization [10] . The anti-inflammatory activity of Z. majdae oil could be related to the inhibition of NO formation/release. Many reports have suggested that NO, peripherally produced by different nitric oxide synthase (NOS) isoforms, contributes to edema formation [11] . Pharmacological evaluation of linalool in mice also revealed that linalool and the corresponding acetate play a major role in the anti-inflammatory activity displayed by the essential oils containing them, and provide further evidence suggesting that linalool-producing species are potentially anti-inflammatory agents [12] .
Since studies demonstrated that the injection of carrageenan into the rat paw induced the liberation of bradykinin, which later induced the biosynthesis of prostaglandin and other autacoids that were responsible for the formation of the inflammatory exudates [13] , it was possible that linalool in the oil inhibited the biosynthesis of prostaglandins.
These results justify the use of Z. majdae in traditional medicine and the plant essential oil could be a potential candidate as an analgesic and anti-inflammatory agent.
Experimental
Plant material: Leaves of Z. majdae were collected in March 2014 from the Genow protected area, Bandar Abbas, Hormozgan Province, south of Iran. The leaves were identified by R. Asadpour. A voucher specimen has been deposited at the herbarium of the Department of Pharmacognosy, Pharmaceutical Sciences Branch, Islamic Azad University, Tehran, Iran, under code number 1091-AUPF.
Preparation of the essential oil:
Leaves were submitted to hydrodistillation in a Clevenger-type apparatus for 3 h. At the end of the distillation, the oil was collected, dried with anhydrous Na 2 SO 4 and transferred to a clean glass vial and kept at a temperature of −18°C for further biological and analytical tests.
Experimental animals:
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were allowed free access to food and water except for the short time that they were removed from their cages for testing. All experiments were conducted between 10.00 a.m. and 13.00 p.m., with normal room light (12 h regular light/dark cycle) and temperature (22 ± 1°C). All procedures were carried out in accordance with the institutional guidelines for animal care and use (ethical approval number: 3183). Each mouse was used only once.
Analgesic activity Acetic acid-induced writhing in mice:
The writhing acetic acid test was performed as originally described by Siegmund et al. [14] . This method was employed to evaluate preferentially possible peripheral effects of Z. majdae essential oil as an analgesic substance. Six groups of 5 mice were fasted overnight prior to the start of the experiment, while given free access to water. The vehicle, sweet almond oil (10 mg/kg), diclofenac sodium (50 mg/kg) and the essential oil (5, 10, 20 and 40 mg/kg) were administered by intraperitoneal injection to the first, second, third, fourth, fifth and sixth groups of mice, respectively 30 min prior to the injection of acetic acid (1%, 10 mL/kg). Diclofenac sodium was used as a positive control in the present investigation. The mice were then placed in an observation box, and the number of writhes was counted for 30 min after acetic acid injection [14] .
Hot plate test in mice:
The hot plate assay method was employed for the purpose of preferential assessment of a possible centrally mediated analgesic effect of Z. majdae essential oil [15] . Diclofenac sodium was also used as a positive control substance. Six groups of mice were fasted overnight prior to the start of the experiment, while given free access to water. For 3 consecutive days preceding the experiments, mice (20-25 g) were placed on a plate maintained at room temperature for 15 min each day. The vehicle (sweet almond oil, 10 mL/kg) was given to the first group by intraperitoneal injection. Diclofenac sodium (50 mg/kg), and the essential oil (5, 10, 20 and 40 ml/kg) were also administered to the second to sixth groups by the same route. Each animal was then placed gently on a 55•C hot plate. Latency to exhibit nociceptive responses, such as licking paws or jumping off the hot plate, was determined 15, 30, 45 and 60 min after administration of the test substances or vehicle [15] .
Anti-inflammatory activity
Inflammatory paw edema in rats: Acute anti-inflammatory activity was assessed on the basis of paw edema inhibition induced by the injection of 0.1 mL 2% carrageenan into the sub-plantar region of the right hind paw of the rat [16] . Male rats were divided into 6 different groups of 6 animals each that separately received the vehicle, sweet almond oil (10 mL/kg), Diclofenac sodium (50 mg/kg) and the essential oil (5, 10, 20 and 40 mg/kg), intraperitoneally 1 h before the injection of carrageenan. Paw volume was measured after 0.5, 1, 2, 3, 4 and 5 h after the carrageenan administration using a plethysmometer (model LE 7500, Letica Scientific Instruments, Spain).
Statistical analysis:
The data were expressed as mean values ± S.E.M. and tested using analysis of variance followed by the multiple comparison test of Tukey-Kramer.
Essential oil analysis:
Analysis of the oil sample was performed on a HP-6890 gas chromatograph (GC) equipped with a FID and a DB-5 capillary column, 30 m × 0.25 mm, 0.25 μm film thickness, temperature programmed as follows: 60°−240°C at 4°C/min. The carrier gas was N2 at a flow rate of 2.0 mL/min; the temperatures of injector port and detector were 250°C and 300°C, respectively. Samples were injected by splitting and the split ratio was 1:10. GC/MS analysis was performed on a Hewlett-Packard 6890/5972 system with a DB-5 capillary column (30 m × 0.25 mm; 0.25 μm film thickness. The operating conditions were the same as those described above, but the carrier gas was He. Mass spectra were taken at 70 eV. The range of scan mass was from 40-400 m/z at a sampling rate of 1.0 scan/s. Quantitative data were obtained from the electronic integration of the FID peak areas. The components of the oil were identified by their retention time, retention indices, relative to C9-C28 n-alkanes, computer matching with the WILEY275.L library and by comparison of their mass spectra with data available in the literature [17, 18] The percentage composition of the identified compounds was computed from the GC peaks areas without any correction factors and was calculated relatively.
